Background. Concern exists that certain types of exercise, particularly vigorous activity, may increase physical disability among older individuals. We investigated the prevalence of, and risk factors for, physical disability in active older persons (runners), and examined factors influencing the progression of physical disability with age.
R
ECOGNITION of the many health benefits of exercise, and the demonstration that these benefits extend to persons in older age groups, has led to recommendations that older individuals increase their level of physical activity (1) (2) (3) . However, the potential cardiovascular, metabolic, neuromuscular, arid psychological benefits of exercise may be offset by an increase in musculoskeletal morbidity. Concern that physical disability may result from vigorous exercise is particularly relevant for older persons, who may be more susceptible to such consequences. Musculoskeletal diseases, most prominently osteoarthritis, are common among older individuals, have a major impact on quality of life, and account for most of the functional disability reported by older persons (4) (5) (6) . Therefore, it is important to determine if vigorous exercise will make these already common conditions more severe, and to identify risk factors for the development of physical disability in older persons who exercise.
Risk factors for physical disability have most commonly been determined in general population surveys (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) . These studies have reported associations between physical disability and a number of sociodemographic and clinical factors, including age, gender, race, education level, obesity, and the presence of multiple medical conditions; however, the role of exercise in the development of disability is largely unknown. It is unclear if the factors that influence the development of disability in the general population are also important for older persons who exercise vigorously, or whether those who exercise have additional or unique risk factors.
In this study, we examined the development of physical disability in a large group of persons older than age 50 who regularly participated in vigorous exercise (running), and identified risk factors for disability in this group. To determine if these risk factors were associated specifically with running, we compared these findings with the risk factors for physical disability present in a cohort of non-runners which had been similarly followed. A second aim was to investigate whether these risk factors also identified subgroups which differed in the progression of physical disability with age.
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from rosters maintained by the Lipid Research Clinics study since 1972. This group was chosen to provide a sample of subjects which had sociodemographic characteristics similar to those of the running club and whose members lived in the same geographic area. Most of the non-runners, but only a few of the runners, were derived from this group.
To be eligible for the study, participants had to be at least 50 years old, high school graduates, and had to use English as their primary language. Of 3,492 runners association members and university employees contacted by mail, 1,250 responded and also met the entry criteria. Of these, 961 returned the first questionnaire and were then enrolled in the study (539 from the association and 422 from the university staff).
Study participation consisted of completing and returning a mailed questionnaire once a year. From January 1984 through December 1990, the closing date for this report, 746 participants (78% of those enrolled) had remained in the study for at least five years (range 5-7 years) and were included in the analyses. Participants were classified as runners or non-runners based on their running status at study entry. Former runners were included in the nonrunner group. We studied 454 runners and 292 non-runners (Table 1) .
Runners who remained in the study were similar to those who left the study with respect to age, years of running, minutes of vigorous exercise per week, body mass index, alcohol and tobacco use, and medication use. Those runners who left the study had less physical disability at entry than those who continued in the study (Disability Index .01 vs .03; p < .007), were less likely to report having a comorbid medical condition (2.6% vs 12.4%; p < .001), and were Study variables. -All data were obtained by participant self-report. At study entry, participants were asked information on sociodemographic characteristics, medical history, family history, health care utilization, health and dietary habits, work history, prior physical activity levels, current exercise activity, health status, and disability. Characteristics of this cohort at study entry and validations of the self-report data have been reported previously (17) . Yearly follow-up questionnaires gathered information on health status, disability, health care utilization, changes in health habits, and changes in exercise activity.
Physical disability was measured using the Health Assessment Questionnaire Disability Index, a 20-question self-report instrument that assesses the degree of difficulty a person has in performing tasks in eight functional areas (dressing, arising, eating, walking, hygiene, reaching, gripping, and errands and chores) (18) . Responses in each functional area are scored from 0 (no difficulty) to 3 (unable to do). Each functional area score is averaged to derive the Disability Index, which is scaled from 0.00 to 3.00. The reliability and validity of the Disability Index have been established (19) . Criterion validity has been demonstrated by comparison of scores on the Disability Index with physician ratings of functional disability among individuals in this cohort (17) , and construct validity demonstrated in analyses of the Disability Index in the National Health and Nutrition Examination Survey (NHANES) I Epidemiologic Follow-up Study (14) .
The dependent variable for the risk factor analyses was the presence or absence of any physical disability at any time over the course of the study. The variables considered potential risk factors for the development of physical disability were based on prior research findings (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) and clinical considerations, and are listed in Table 2 . Arthritis symptoms were defined as either joint pain or swelling present for at least 6 weeks, or a reported diagnosis of arthritis in any joint. The variable used to estimate the intensity of exercise in this study was the number of minutes of vigorous exercise per week. Several variables related to running intensity, such as miles run per week and minutes of running per week, were not included because they could not be examined in non-runners. Among runners, these variables were highly correlated with minutes of vigorous exercise per week.
Statistical analysis. -A forward stepwise logistic regression model was used to identify risk factors and to determine the magnitudes of their associations with the presence of physical disability. A second method, classification tree analysis, was also used to identify groups of subjects at increased risk of physical disability. This method segregates participants into subgroups with higher and lower prevalences of physical disability (20, 21) . This subsetting is step wise, with each step selecting both the independent variable and the level of the independent variable which optimally separates subgroups of participants who either have or do not have physical disability. While the logistic regression analysis identifies risk factors which are modeled to be important for a group as a whole, classification tree analysis identifies particular subgroups of individuals at high risk for physical disability; these two methods thus complement each other. Because we were interested in determining whether risk factors for physical disability differed between runners and non-runners, all analyses were performed on the runner and non-runner groups separately. Logistic regression analyses were performed using SAS programs (Statistical Analysis Systems, Cary, NC). Classification tree analyses were performed using CART programs (California Statistical Software, Lafayette, CA). The progression of physical disability was examined by plotting values of the Disability Index versus age, for those individuals who reported having any physical disability during the study. Since individuals were examined over several years, each person could contribute information to more than one age category. These graphs thus represent moving averages of age-related changes in the Disability Index. Separate plots were made for the subgroups of runners and non-runners identified in the classification trees as having different risks for the presence of physical disability. This stratification allowed us to determine if selected risk factors were not only associated with an increased or decreased prevalence of physical disability, but also with different patterns of age-related progression of disability.
RESULTS
The cohort of runners was predominantly male, White, well-educated, and married (Table 1) . Their ages at study entry ranged from 50 to 85 years. The runners were generally healthy, as evidenced by a low prevalence of major medical problems, use of few medications, and a low average number of physician visits. Runners averaged approximately five hours of vigorous exercise per week, almost all of which was running. The cohort of non-runners was also predominantly White, well-educated, and married, but included a larger proportion of females. Their ages at entry ranged from 50 to 83 years. Almost 30% of non-runners reported having a major medical condition. Importantly, non-runners were not completely sedentary, averaging 1.5 hours of vigorous exercise per week at the start of the study.
Three hundred twenty-four of the runners (71%) were still active runners at the end of the of the 5-to 7-year study period. Among those still running, the average time spent running decreased by 47 minutes/week over the course of the study. Only 20 of the 292 non-runners began running over the period of observation; 13 of these 20 persons reported running during only one year.
Development of physical disability in runners. -Among the 454 runners, 222 (49%) reported some physical disability during the study period. Only 61 of these 222 runners (27%) had any physical limitations at study entry, while 161 (73%) developed physical disability during the study. Disability was most commonly reported in the areas of arising (51.8%), gripping (47.3%), reaching (41.0%), and walking (32.4%). Once present, disability tended to persist; 46% of those with physical disability reported having some functional limitations on three or more of the yearly questionnaires. The same functional area was affected over several years in 78% of these persons.
Runners who reported some physical disability were more likely to be older, to be heavier, to have a major medical problem, to take more medications, to have arthritis symptoms, and to have had a leg injury than runners without physical disability in univariate analyses (Table 2) . Those with disability were also more likely to have had jobs requiring more strenuous physical activity than those without disability, and more commonly reported lower levels of physical activity during ages 40 to 59 than those without disability. When present, arthritis symptoms most commonly involved the neck, back, and shoulder area (56%) and upper extremity (43%), and less commonly the lower extremity (35%) and hip (18%).
Of the potential risk factors, five were found to have significant associations with physical disability in the multivariate logistic regression analysis (Table 3 ). The presence of arthritis symptoms was the greatest risk factor, increasing the likelihood of physical disability to more than twice that of runners without arthritis. Older age and greater BMI also increased the likelihood of physical disability among runners: each year increment in age was associated with a 5% greater risk of physical disability, and each 1 kg/m 2 increase in BMI increased the risk of disability by 14%. Moderately strenuous work-related physical activity was associated with a 59% increased risk of physical disability, while very strenuous work activity more than doubled this risk compared to runners having jobs with light physical activity. In addition, the use of more medications, which may reflect the number or severity of comorbid medical conditions, was associated with an increased risk of physical disability among runners.
The presence of arthritis symptoms was also the most important variable distinguishing subgroups with higher and lower prevalences of physical disability in the classification tree analysis (Figure 1 ). Disability was reported by 64% of those runners with symptoms, compared to 43% in those without symptoms. Among runners with arthritis symptoms, all of those who reported strenuous workrelated physical activity had some physical disability, while only 59% of those with light or moderately strenuous work activity reported any physical disability. Among runners without arthritis symptoms, BMI further subsetted those who were more or less likely to have functional limitations. Fifty-eight percent of heavier asymptomatic runners (BMI > 24.3 kg/m 2 ; average BMI = 26.0 kg/m 2 ) reported some physical disability, compared to only 39% of leaner asymptomatic runners (average BMI = 21.6 kg/m 2 ). Both the classification tree analysis and the multiple logistic regression analysis identified arthritis symptoms, body mass index, and more strenuous work-related physical activity as important factors associated with the presence of physical disability among runners.
Development of physical disability in non-runners. -Among non-runners, 224 of 292 persons (77%) reported some physical disability; 96 of these 224 (43%) reported disability at study entry. The functional areas most commonly affected were arising (63%), gripping (57%), walking (55%), and reaching (49%). As in the running group, disability among the non-runners tended to be persistent; 68% of those with some disability reported functional lim- fCoded I = light work activity; 2 = moderately strenuous work activity; 3 = heavy or very heavy work activity. $Coded I = activity less than peers; 2 = activity same as peers; 3 = activity greater than peers. itations during three or more years. The same functional area was affected over several years in 93% of these persons.
In univariate analyses, disability among non-runners was associated with the presence of a major medical condition and arthritis symptoms, use of a greater number of medications, and lower levels of physical activity at ages 40-59 (Table 2) . Among non-runners, arthritis symptoms were more commonly reported in the upper extremity (58%), neck, back, and shoulder area (55%). and lower extremity (50%), than in the hip (22%).
As in the running group, the presence of arthritis symptoms was the risk factor most strongly associated with physical disability among the non-runners in multivariate logistic regression analysis, increasing the risk of physical disability more than three times that of individuals without symptoms (Table 3) . After accounting for the presence of arthritis symptoms, levels of overall physical activity at ages 40-59 that were either the same as or greater than one's peers were also associated with a decreased risk of disability in this group.
The classification tree supported the importance of arthritis symptoms in identifying individuals with a higher prevalence of physical disability (Figure 1 ). Eighty-seven percent of non-runners with arthritis symptoms had some physical disability, compared to 68% of non-runners without arthritis. Additional variables were not helpful in further classifying non-runners into subgroups with higher and lower prevalences of physical disability.
Progression of physical disability. -The development of disability with age was examined among subgroups identified by the classification tree analysis as having different prevalences of physical disability (Figure 1 ). For runners, these groups included the leaner asymptomatic runners, the heavier asymptomatic runners, and the symptomatic runners; symptomatic runners were not further stratified by work activity in this analysis because of the small number with heavy work activity. For non-runners, these groups included those with and without arthritis symptoms.
Although physical disability was common among both runners and non-runners, the level of disability was generally low (Figure 2) . None of the subgroups of runners had an average Disability Index greater than 0.2 units (possible range 0.0-3.0 units) at ages 50 to 75. However, differences among subgroups of runners in the association of physical disability with age were evident. Symptomatic runners had higher levels of disability at age 50 than asymptomatic runners. The level of physical disability remained stable across ages in the symptomatic runner group, however, so that the difference between the symptomatic and asymptomatic groups diminished with age. Among asymptomatic runners, the leaner subgroup had lower levels of physical disability than the heavier subgroup, although these levels were significantly lower only after age 60. Levels of disability increased in the heavier subgroup after age 65 and in the leaner subgroup after age 70, suggesting that a lower BMI was associated with a delay in the age-associated increase in physical disability in this group of runners.
Modeling of these age-related changes confirmed that the Disability Index was significantly higher among the symptomatic runners at age 50 (p < .02), that the slopes of the Disability Index over ages 50 to 70 in the symptomatic subgroup and the thin asymptomatic subgroup were not different from zero, and that the slope in the heavy asymptomatic group was positive (.0061 Disability Index units/ year) and significantly greater than that of the thin asymptomatic group (p < .002). These different time courses suggest that arthritis symptoms and BMI were not only important risk factors for the presence of physical disability, but that they also identify subgroups with different patterns of age-associated changes in functional ability.
The non-runner cohort demonstrated an increase in physical disability with age, so that by age 75, the average individual reported having at least some difficulty performing tasks in two of eight functional areas (average Disability Index 0.26), and by age 80 had at least some difficulty performing tasks in four of eight functional areas (average Disability Index 0.52). Non-runners with arthritis symptoms had higher average levels of physical disability than asymptomatic non-runners at younger ages, but this difference did not persist after age 65.
DISCUSSION
Some degree of functional limitation was present in onehalf of older runners in this study. The level of physical disability was generally low, even in persons aged 70 and older, and was lower than levels recently reported in the NHANES follow-up study for persons in these ages (14) . . Age-related changes in level of physical disability in runners (top) and non-runners (bottom). Subgroups for the runners include those with arthritis symptoms (H), the heavier asymptomatic runners (•), and the thinner asymptomatic runners ( • ) . For the non-runners, the subgroups include those without arthritis symptoms ( • ) and those with arthritis symptoms (•). The number of participants included in the calculation of the average value for each subgroup at each age is presented below each graph. Error bars represent 95% confidence intervals.
Important risk factors for physical disability among runners were the presence of arthritis symptoms, older age, greater BMI, strenuous work-related physical activity, and the use of a greater number of medications.
The presence of arthritis symptoms conferred the greatest risk for physical disability among both runners and non-runners, and was associated with higher levels of disability at younger ages in both groups. The consistency of these findings in two cohorts with very different levels of recreational physical activity is evidence for the importance of arthritis in the development of physical disability. These results support previous cross-sectional and longitudinal studies which reported arthritis to be an important correlate or predictor of physical disability among elderly persons (7, 9, 10, 14, 22, 23) . In addition, the high prevalence of arthritis and the impact it has on functioning combine to make it an important contributor to the overall level of physical disability in the population (24) .
Strong associations between multiple coexisting medical conditions (comorbidities) and physical disability in elderly populations have also been noted (7, (9) (10) (11) (12) 14, 15, 24) . Included among these conditions is arthritis, which has often been reported to contribute substantially to the development of physical disability (9, 10, 12, 14, 24) . In this study, the number of medications taken, which may be a surrogate measure of comorbid medical conditions, was significantly associated with the presence of physical disability among runners. This association was detected even after accounting for the presence of arthritis, supporting the importance of comorbidity as a risk factor for disability.
BMI is also an important risk factor for the development of physical disability (7, (9) (10) (11) (12) 14, 16, 25) . Our results demonstrate that greater BMI is associated with both an increased risk of physical disability and higher levels of disability at younger ages, even in a group of predominantly non-obese physically active individuals. The association of greater BMI with physical disability might be mediated by a higher prevalence of arthritis symptoms among heavier individuals, but two findings do not support this hypothesis: BMI and arthritis symptoms were both significant risk factors for disability among persons in the running group, and greater BMI (BMI > 24.3 kg/m 2 ) identified a subgroup of asymptomatic runners with a higher prevalence of disability. These results indicate that BMI has an association with physical disability in addition to any association it may also have with arthritis symptoms (26) (27) (28) (29) (30) .
Strenuous work-related physical activity over the course of adulthood identified a subgroup of runners with a high prevalence of physical disability. This association was present only among runners, a group with already high levels of recreational physical activity, suggesting that heavy recreational activity and strenuous work activity may interact to result in greater disability. Studies of two large American cohorts have found associations between heavy work-related physical activity in general, and knee bending in particular, and the later presence of radiographic osteoarthritis of the knee (31, 32) . Although associations with symptomatic osteoarthritis were not reported in these studies, population-based cohort studies in Sweden have demonstrated associations between heavy occupational physical activity and later surgery for severe osteoarthritis of the knee or hip, suggesting that strenuous work activity may be a precursor of symptomatic or disabling osteoarthritis as well (33) . We did not identify specific disease processes, such as osteoarthritis, among our study participants, but our results are consistent with these studies in associating heavy work-related activity with physical disability among runners.
Distinct from work activity, a higher level of overall physical activity between ages 40 and 59 was protective of physical disability among non-runners. Both those with activity levels higher than their peers and the same as their peers had lower risks, compared to those with activity levels lower than their peers. Lower levels of activity may be a consequence of physical disability, and we cannot be certain that prior arthritis symptoms or disability did not influence participants' activity levels during these ages. However, participants who rated their activity levels the same as their peers also had lower risks for physical disability compared to those with activity levels lower than their peers. The presence of prior disability would be an unlikely reason for these people to have "average" activity levels, weakening the suspicion that prior disability caused lower activity levels. In addition, physical activity level and arthritis symptoms were both independent risk factors for physical disability in the non-runner group, suggesting that the association of prior physical activity levels with disability was not mediated by arthritis symptoms. These points support the interpretation that higher levels of overall physical activity may be protective of future physical disability, as has been found in previous studies (16, 34) .
Gender, educational level, and marital status were not shown to be important risk factors for physical disability in these cohorts. As has been demonstrated previously (4, (10) (11) (12) (13) (14) (15) 35) , age increased the risk of physical disability.
This study has several potential limitations. Participants were volunteers and may not be representative of older runners or non-runners. The low levels of physical disability among participants, particularly runners, as compared to subjects in the NHANES follow-up study (14) , suggest that this cohort was not highly selected for musculoskeletal morbidity. In addition, this study focused on older runners, because of the importance of disability for persons of these ages. Risk factors for physical disability may be different in younger runners. The prevalence of, and risk factors for, disability may also be different among older individuals who participate in less strenuous types of physical activity. In this study, we included only those participants followed for at least five years, to allow the greatest opportunity to observe the development of physical disability. However, participants who left the study were not substantially different from those who remained in the study when compared on a number of key characteristics, and among runners, disability and comorbidity did not appear to be associated with attrition. In addition, we repeated the logistic regression analyses using data from all study participants with at least two years of follow-up, and these analyses yielded similar results, indicating that our findings were not substantially affected by attrition.
Physical disability, once present, tended to be persistent among both runners and non-runners. Prevention strategies based on identified risk factors may decrease the burden of disability in these groups or delay its onset. The most important risk factor for physical disability was the presence of arthritis symptoms. Therefore, treatment may not only hasten a return to full activity, but may also forestall future disability. These data also suggest that remaining physically active throughout adulthood and maintaining a lean weight could be beneficial. Strenuous work activity appeared to be a risk factor unique to runners, suggesting that those with jobs requiring heavy labor may need to moderate their recreational activities to limit future physical disability.
